Objective: To determine the incidence of HELLP syndrome amongst cases of Eclampsia and severe pre-eclampsia admitted to our hospital and to study the correlation of laboratory parameters with the mean arterial pressure (MAP) and with each other. Method: 238 cases of severe pre-eclampsia and eclampsia were studied for their clinical features, laboratory parameters and outcome. Cases were divided into two groups: non HELLP and complete HELLP for comparison of the maternal and perinatal outcome. The levels of Alanine Transaminase (ALT) were compared against other laboratory parameters for correlation. The mean arterial pressures (MAP) of the patients were computed to investigate whether its levels had any correlation with the derangement of ALT. Statistical analysis was done in SPSS software and spearman's correlation was run for the laboratory parameters. Results: No significant difference was seen in the maternal and perinatal mortality in the two groups. ALT showed no correlation with MAP as with LDH, platelets and hemoglobin and a weak but significant correlation with the parameters of renal function. Conclusion: Our population shows a low incidence of HELLP syndrome; the hepatic dysfunction correlates with the renal dysfunction without any correlation with the MAP.
proteinurea. When this is accompanied by convulsions, the disorder is known as eclampsia. The basic pathology of these disorders originates in the placenta and delivery leads to a reversal of the pathology. Eclampsia occurs commonly in the young primigravida due to immunological causes and in the elderly multipara due to underlying hypertensive disorders.
The syndrome of hemolysis with elevated liver enzymes and low platelet count was given the name HELLP syndrome by Weinstein in 1982. It is generally encountered as a complication or a variety of severe pre-eclampsia but may also occur independent of severe pre-eclampsia [1] . 10% to 20% cases of severe pre-eclampsia may exhibit the features of HELLP syndrome [2] [3] . The criteria for HELLP syndrome (Mississippi criteria 2006) require a) evidence of hemolysis, demonstrated by a peripheral smear showing schistocytes or burr cells, elevation of unconjugated bilirubin or LDH level ≥ 600 IU, b) ALT levels ≥ 70 IU, and c) platelet count below 150,000/ml. For the diagnosis of complete HELLP, all three criteria are required whereas partial HELLP requires only one or two elements for diagnosis.
HELLP syndrome has to be differentiated from other thrombotic microangiopathies. Other conditions with thrombotic microangiopathy are Hemolytic uremic syndrome (HUS), Thrombotic Thrombocytopenic Purpura (TTP) and Systemic Lupus Erythematosis (SLE) [4] . The atypical variety of HUS may occur in adults who have a history of diarrhea and fever in the recent past [5] . They show a severe derangement of renal functions and rapidly falling platelet counts. TTP is a rare disorder with predominantly neurological manifestations [6] . Patients with HELLP syndrome show improvement and reversal of symptoms after delivery which are not seen in other disorders.
There is hardly any role of conservative management once the diagnosis of eclampsia is established. For severe pre-eclampsia and HELLP syndrome < 34 weeks, corticosteroid therapy to accelerate fetal lung maturation prior to termination of pregnancy may be given [7] . The choice of the route of delivery is whether abdominal or vaginal depends on the indication as well as the available infrastructure in the institution. Delivery leads to amelioration of the symptoms with improvement of the clinical and biochemical parameters.
Methodology
238 cases of eclampsia and severe pre-eclampsia admitted to our hospital in a period of 14 months were included in the study. The clinical features and lab parameters of all these patients were noted. Their platelet count and liver functions were noted. LDH values were taken to denote evidence of hemolysis. Platelet count < 150,000, ALT ≥ 70 IU and LDH ≥ 600 IU were taken to denote complete HELLP syndrome. Patients were classified according to the Mississippi criteria (2006) [8] . The mean arterial pressure was computed. Maternal and perinatal mortality in the HELLP and non HELLP group was computed and compared to look for any statistically significant difference. The laboratory parameters were studied for any correlation with the MAP and with each other. Analysis was done using SPSS software. The derangement of ALT (alanine transaminase) was the parameter showing the most remarkable elevation in our study population and we tried to find out how and if it correlated with the derangement of the other laboratory parameters. A Spearmann's correlation was the statistical test applied to determine the correlation of other variables with the levels of ALT.
In statistics, statistical significance (or a statistically significant result) is attained when a p-value is less than the significance level. The p-value is the probability of obtaining at least as extreme results given that the null hypothesis is true. As a matter of good scientific practice, a significance level was chosen before data collection and was set to 0.05 (5%).
The study was undertaken with the approval of the ethics committee of our institution. The study was done after taking informed consent from all the patients.
Class 1 HELLP were patients with platelet count ≤ 50,000/ml with ALT ≥ 70 IU and LDH ≥ 600 IU. Class 2 HELLP were patients with platelet count between 50,000 and 100,000/ml, rest of the criteria being the same. Class 3 were patients with platelet count between 100,000/ml and 150,000/ml and ALT ≥ 40 IU/ml.
Results
According to this classification, a total of eight patients out of 238 fulfilled the criteria of HELLP syndrome. Out of these, two were cases of severe pre-eclampsia. Rest of the cases were cases of eclampsia ( Table 1 and Table 2 ).
There were 3 maternal deaths in the HELLP syndrome group along with 5 perinatal deaths. There were 28 maternal deaths in the non HELLP syndrome group. 3 September 2015 | Volume 2 | e1853 The incidence of HELLP syndrome is reported to be 10% to 20% in cases of pre-eclampsia and is seen in 0.5% to 0.9% of all pregnancies. Our study demonstrated a 3.36% incidence of the syndrome in a population of 238 cases of pre-eclampsia and eclampsia which is remarkably low in comparison to the reported statistics. Even on including the four patients who fulfilled two criteria out of three, the percentage was 5.04%.
In the eight patients that showed all three parameters of HELLP syndrome, 4 patients had platelet counts between 100,000 and 150,000 (class 3) and 4 had platelet counts between 50,000 and 100,000 (class 2). None had a platelet count less than 50,000. Two patients showed platelet counts between 100,000 and 150,000 with ALT > 40 IU but no elevation of LDH. Two patients had high LDH and ALT > 70 IU but the platelet counts were in the normal range.
Looking at the elevation of liver enzymes in the study population, however, 74 patients out of the 238 showed ALT ≥ 40 IU which came to 30.96%. Of these, 29 had ALT ≥ 70 IU which came to 12.13%. AST level was ≥40 IU in149 cases and was ≥ 70 IU in 48 patients or 62.34% and 20.08% respectively. 30 patients or 12.55% had platelet counts below 150,000. Elevated LDH ≥ 600 IU was seen in 15cases i.e. 6.27%.
As the derangement of ALT was the parameter showing the most remarkable elevation in our study population we tried to find out how and if it correlated with the derangement of the other laboratory parameters. A Spearmann's correlation was applied to determine the correlation of other variables with the levels of ALT. Spearmann's correlation was applied as on running a normality test the distribution of variables (levels of ALT) is skewed (Skewness coefficient = 4.431, standard error (SE) of skewness = 0.158). Fischer's exact test was applied to find out the association between HELLP syndrome and maternal mortality and we found no significant association of HELLP syndrome with maternal and perinatal mortality (p value > 
Discussion
Our study shows a remarkably low incidence of HELLP syndrome in our study population as compared to the studies conducted on Caucasian populations [9] . It also shows that derangement in one laboratory parameter does not lead to a significant derangement of the other parameters. Derangement of laboratory parameters was seen in the population but occurred independent of each other so that on taking all the three parameters for HELLP, only 8 cases conformed to the criteria. Rising levels of ALT which are suggestive of hepatic injury as a result of ischemia appear to show a trend but do not correlate significantly with falling platelet counts or rising levels of LDH suggestive of hemolysis. The level of hemoglobin would be expected to fall with rising hemolysis but no such trend was seen in our study population. A probable explanation would lie in the fact that there is hemoconcentration in cases of pre-eclampsia [10] and the effect of hemolysis, if any, would be offset by the effect of hemoconcentration. Nutritional anemia is very common in our population and hemoglobin levels would also tend to be affected by it [11] .
There is also a weakly positive but significant correlation between the derangement of the liver functions and the derangement of blood urea and serum creatinine in our population suggesting simultaneous micro angiopathy in the kidneys as well as the liver.
The syndrome of hemolysis, elevated liver enzymes and low platelets has been observed to be significantly higher in the Caucasian population, in those with delayed diagnosis of pre-eclampsia and in nulliparous patients [12] . In our population 6 out of the eight patients diagnosed with complete HELLP syndrome were para 0, one patient was para 1 and one was para 2, which showed a higher incidence in nulliparous patients. Out of the eight cases with HELLP syndrome, eclampsia occurred in 6 cases while the remaining two had severe pre-eclampsia. Three patients out of eight died. Of the three who died two died of DIC and one died of a cerebral hemorrhage. Of the rest, one survived with right sided hemi paresis. Abruptio placentae and renal failure which were common complications of HELLP syndrome in other studies were not seen in our cases with HELLP syndrome despite evidence of deranged renal function. There were five perinatal deaths in the group of HELLP syndrome.
HELLP syndrome is seen to occur in cases of pre-eclampsia in 10% to 20% of cases though in 15 to 20 percent cases of HELLP syndrome no history of antecedent hypertension or proteinurea may be present [13] . The etiology of pre-eclampsia may have genetic and immunological origins and the etiology of HELLP syndrome may be closely linked with it. Any patient of pre-eclampsia may develop HELLP syndrome along with asymmetrical IUGR which is a resultant of the placental pathology.
The immune response at the maternal fetal interface may lead to insufficient remodeling of spiral arterioles and the arterioles retain their muscular coat resulting into a high resistance system. There is an imbalance in the angiogenic factors and an oxidative stress leading to inflammation. The resultant placental insufficiency leads to release of placental factors in the maternal circulation. The resultant inflammatory response leads to a generalized endothelial dysfunction with activation of complement. The dysfunctional endothelium leads to adherence of platelets and hemolysis leading to ischemic injury to the involved organs, especially liver and results in preeclampsia and HELLP syndrome [4] [14] . The fetus expresses antigens of paternal origin which are foreign to the mother's immune system. Dysregulation of antigens at the maternal fetal interface may lead to pre-eclampsia and HELLP syndrome. This may be supported by the fact that adequate exposure to paternal antigens in seminal fluid prior to the first pregnancy seems to prevent pre-eclampsia indicating an immunological memory which is most likely stored in T cells [15] [16] [17] .
The etiology of the disease cannot be attributed solely to genetic causes and interaction between genetic and environmental factors may be involved in the pathogenesis. Nutritional deficiencies such as those of protein, calcium, vitamin C and vitamin D may play a role [18] [19] .
Why our population showed such a low incidence of HELLP can be explained in terms of the racial differences and probably also on the basis of dietary differences. Many genes have been implicated in the etiology of HELLP syndrome, such as the STOX1 gene, Syncytin Envelope Gene, Mannose Binding Lectin (MBL) gene polymorphism, Factor V leiden mutation, MTHFR deficiency [12] . Vascular endothelial growth factor (VEGF) and mutations of Angiotensin converting enzyme (ACE) have also been implicated in the pathogenesis [20] .
Most of these studies have been conducted on Caucasian patients and our population which is a local population from Jabalpur and surrounding areas may be having a genetic and nutritional profile entirely different from the Caucasians. Our population shows a high incidence of pre-eclampsia and eclampsia but the derangements conforming to complete HELLP are very low as compared to the western population. Though pre-eclampsia and HELLP syndrome are closely linked, there seems to be an etiological factor for HELLP which is separate and has a significantly low incidence in our population. It would be pertinent to study the genetic profile as well as the dietary factors in our patients to look for etiological factors. Our population is predominantly vegetarian and the diet is low in animal protein. This may point towards an immunological factor involved in the pathogenesis. Our climate is tropical which is hot and humid, entirely different from the climate of European countries and the environment may also have a role to play in the complexities of the etiopathogenesis.
The derangement of ALT had no correlation with the mean arterial pressure suggesting that the hepatic dysfunction was independent of the level of blood pressure.
The level of ALT was the parameter showing elevation in the highest percentage of the population but the platelet count did not show a correlating fall with it and the levels of LDH also did not show a remarkable correlation, suggesting that the liver dysfunction was a separate clinical entity. The parameters of renal function showed a weak but significant correlation with the derangement of liver function suggesting that the micro angiopathy affected both the organs, though the renal dysfunction in our population did not reach the extent of renal failure. Further in depth studies of our population are required to study the genetic, dietary and environmental influences in the etiology of HELLP syndrome and also to study at what point the etiopathogenesis of HELLP though appearing similar and closely linked diverges from that of pre-eclampsia.
Conclusion
We observed a significantly low incidence of HELLP syndrome i.e. 3.36% in our study population. There was remarkable liver dysfunction in 12.3% of patients which had no correlation with the level of blood pressure and also had a weak correlation with other laboratory parameters. The correlation was weak but statistically significant with the parameters of renal function showing simultaneous pathology in both organs though, remarkably, the renal dysfunction did not progress to the extent of acute renal failure in any of our cases. Further research may be required to investigate at what point the etiology of HELLP syndrome differs from that of pre-eclampsia and a study of the genetic as well as nutritional profile of our patients may offer a clue in this regard.
